Spermatozoa formation involves drastic morphological and cellular reconstructions. However, the molecular mechanisms driving this process remain elusive. We describe the cloning of a novel murine spermatid-specific gene, designated nurit, identified in a two-hybrid screen for proteins that binds the Nek1 kinase. Nurit protein harbors a leucine-zipper motif, and two additional coiled-coil regions. The Cterminal coiled-coil domain mediates homodimerization of the protein. Nurit homologues are found in primates, pig and rodents. nurit is transcribed through the elongation stage of the spermatids, but is absent from mature spermatozoa. Interestingly, immunogold electron microscopy revealed that the protein is restricted, from its first detectable appearance, to a unique spermatid organelle called the 'flower-like structure'. The function of this structure is unknown, though it may be involved in transporting proteins designated to be discarded via the residual bodies. Nurit is the first marker of the flower-like structure, and its study may provide an excellent opportunity to dissect the function of this organelle. q
Introduction
Spermatogenesis, the process of spermatozoa production out of germ cells, is a highly regulated multi-step developmental process. It starts with series of mitotic divisions of spermatogonia, continues through meiosis, and ends with the creation of a polarized, highly differentiated, haploid sperm. During spermiogenesis, the last phase of spermatogenesis, the round haploid spermatid undergoes dramatic molecular and morphological changes. The nucleus condenses, the acrosome and tail forms, the mitochondria undergo reconstruction, and the cell acquires an elongated, hydrodynamic morphology (Russell et al., 1990) . To acquire motility, the spermatid extrudes most of its cytoplasm, eliminating proteins, RNA, and organelles that are no longer essential for sperm survival, motility, or fertilization. The elimination of the cytoplasm is mainly performed by extrusion of a cytoplasm-filled sac, called the residual body, during spermiation, the process of spermatid release into the tubular lumen. Following spermatid disengagement from the Sertoli cells, most of the residual bodies remain at the surface of the seminiferous epithelium, and are eventually engulfed and phagocytosed by Sertoli cells, followed by digestion in the lysosome. Little is known about the molecular and biochemical mechanisms responsible for the drastic changes in spermatid shape and for cytoplasmic elimination. Several experiments demonstrated that cytoskeletal elements play an important role in the process of cytoplasmic elimination in mammals (Russell et al., 1989) , and in Drosophila (Fabrizio et al., 1998) .
The murine Nek1 protein is very highly expressed in the testis, and mice bearing mutations of this gene (kat and kat 2J mutants) are characterized by male-specific sterility (Letwin et al., 1992; Arama et al., 1998; Janaswami et al., 1997; Upadhya et al., 2000) . The cellular targets of Nek1 are not known, and the signaling pathways in which Nek1 participates have not been identified. In this study, we used the two-hybrid system to clone proteins, which interact with Nek1 kinase, anticipating that these proteins would provide a link to germ cell-specific, or general cellular regulatory circuits. We describe here the cloning of a cDNA encoding a novel leucine-zipper testicular protein (designated Nurit), which interacts with Nek1. The profiles of its RNA and protein expression suggest Nurit's involvement in late spermiogenesis, and may indicate a role in the elimination of cytoplasmic components.
Results

Library screening and isolation of nurit
In a search for proteins that associate with Nek1, we used the yeast two-hybrid system. To eliminate possible toxicity and to improve substrate binding, nek1 cDNA was mutagenized at the highly conserved glycine residue of the ATPbinding site (G13R), resulting in a predictive inactive kinase. A cDNA fragment coding for amino acids 1-506 of Nek1, including the (mutated) catalytic domain and the first coiled-coil domain, was cloned into the pAS2 Gal4-BD vector and transformed into the Y190 yeast strain (Harper et al., 1993) . A rat testis cDNA library cloned into the pADGal4 vector (Stratagene) was screened (see Section 4). Prey plasmids were isolated and assayed for specificity and sequenced. Of the positive clones identified, eight colonies contained an identical insert of approximately 1.4 kb. This clone was found to encode a novel gene, with homology to several mouse testis expressed sequence tags (ESTs). The gene was designated nurit (see later).
Analysis of nurit cDNA sequence
Sequencing of the prey insert revealed a 368 amino acid open reading frame, in-frame with the Gal4 activation domain. The 3 0 end contained a poly(A) tail, preceded by an AATAAA termination signal. We used this fragment as a probe on mouse testis lambda-Zap cDNA library (Stratagene), and cloned the cDNA of the presumptive murine nurit homologue. The predicted initiation of methionine, beginning at base 284 of the murine clone, is preceded by an inframe stop codon, and the clone contains a polyadenylation signal and a poly(A) tract (deposited in the GenBank under accession no. AY092416). Sequence analysis predicts that it encodes a 368 amino acid protein with a calculated mass of 43.7 kDa, and an isoelectric point of 5.9 (protein ID: AAM18190). Compared to the cloned murine protein, the prey contained the entire coding region of the rat protein, with the exception of the first methionine. The mouse and rat proteins are 92% identical (Fig. 1) . Recently, a mouse EST sequence almost identical to nurit was deposited by the RIKEN group (AK007022). Analysis of the chromosomal locus suggests that the mouse cDNA which we cloned, and the RIKEN clone, are alternative splice variants of the same gene. Each of the two forms is encoded by two exons. The 3 0 exon is identical, while the 5 0 exon is encoded by an exon located ,6.8 kb (our cDNA), or ,7.8 kb (the RIKEN EST clone), from the 3 0 exon (not shown). In the spliced form of the RIKEN clone, the first methionine is upstream of the one we have cloned, resulting in a 42 amino acid extension at the amino-terminus of the protein. The predicted mass of this 410 amino acid form of Nurit is ,47.5 kDa, and its isoelectric point is calculated to be 6.17. Probable nurit cDNA homologues include a testis cDNA from the primate Macaca fascicularis (AB070178), which encodes a putative protein of 448 amino acids, that is 74% identical to the murine Nurit, and a short pig EST (BI343662) with 94% identity to the last 74 amino acids of mouse Nurit. A TBLASTN search using the Nurit sequence versus the high throughput genomic sequences (HTGS) database identified a bacterial artificial chromosome (BAC) (AL139320) containing a human genomic sequence on chromosome 13q14.11 encoding a putative protein showing ,77% identity to both the deduced mouse and rat peptide sequences, which probably represents a human nurit homologue. Sequence alignment of the various nurit homologues is presented in Fig. 1 .
Motif searches predict that Nurit harbors a basic leucinezipper motif at its amino terminus (containing five leucines that are spaced seven residues apart), and two additional coiled-coil regions. Possible post-translational modification sites, including several phosphorylation sequences, were identified. No stretches of hydrophobic transmembrane domains, sorting signals, or other significant motifs were recognized (www.expasy.org). However, amino acid composition analysis indicated that Nurit is glutamic-acid rich, containing 12% glutamate residues. Interestingly, half of the glutamic acid residues are present as adjacent glutamatic acid pairs forming a negatively charged site (12 E-E pairs in mouse Nurit). Sequence alignment of the various orthologs of Nurit indicates the existence of two areas of high conservation. One corresponds to mouse amino acids 64-128, and the second to the 60 C-terminal amino acids. However, we were unable to find other significantly homologous domains in a basic local alignment search tool (BLAST) search of Swissprot.
Nurit homodimerization is independent of the leucinezipper domain
Sequence analysis of Nurit predicts a leucine-zipper motif, which is often involved in homodimerization (for review see Alber, 1992) . Coiled-coil prediction programs (e.g. Paircoil: http://nightingale.lcs.mit.edu/cgi-bin/score) predicted, with high probability, that the leucine zipper, as well as the two C-terminal coiled coil domains, are capable of homodimerization (Fig. 1B) . The probability of oligomerization was predicted to be much lower (Multi-coil, performed at http:// nightingale.lcs.mit.edu/cgi-bin/multicoil, not shown). Therefore, we attempted to examine whether Nurit is able to form homodimers in the two-hybrid system. To this end, we constructed fusion proteins containing the full length, or partial sequences of nurit cDNA downstream of either the Gal4 binding ('bait') or activation domain ('prey'). In addition, to examine the possible involvement of the leucine zipper in homodimerization, we created a point mutation in the central leucine residue of the zipper (L145R), and assayed the interaction of the resulting constructs (Fig. 1B) . Nurit was found to undergo homodimerization, however, this dimerization was not dependent on the leucine-zipper motif. The point mutation (L145R) did not affect homodimerization, while an N-terminal fragment (amino acids 44-227) containing the wild type leucine zipper, was found to be insufficient for interaction with the full-length protein. Conversely, the C-terminal part of the protein (amino acids 280-410, which include a coiled-coil domain) not only interacted with the entire Nurit protein in the yeast system, but also underwent homodimerization. These results suggest that the homodimerization is mediated via the C-terminal coiled-coil domain, which is both necessary and sufficient. Confirmation of these interactions by co-immunoprecipitation from cultured cells overexpressing the two proteins was hampered by the almost exclusive localization of Nurit protein to the insoluble fraction (see below).
Nurit RNA and protein expression are restricted to late spermatids
Northern blotting was used to examine the abundance of nurit transcripts during embryonic development and in various adult tissues. A strong hybridization signal, at about 1.5 kb, was detected in the adult testis, and even long exposures did not reveal hybridization in any other tissue examined ( Fig. 2A , and not shown).
Rabbit polyclonal antibodies were raised against His- tagged Nurit using the full insert of the prey plasmid, corresponding to the last 368 C-terminal amino acids of the rat protein. Western analysis of various embryonic and adult tissues revealed that the antibodies are highly specific, and in accordance with the Northern analysis, Nurit protein expression was restricted to the testis. Several products were seen, with major bands corresponding to the predicted ,43 and ,47.5 kDa proteins, and some higher molecular weight products, which could be the result of post-translational modifications and/or oligomerization (Fig. 2B) . To characterize the testicular stages, and the specific cells expressing Nurit, we took advantage of the synchronized, well characterized, development of the prepuberal testis (Bellve et al., 1977) , and followed the first appearance of Nurit in post-natal mouse testis. Testes were dissected at different time points after birth, and testis RNA and protein extracts were prepared. Developmental Northern analysis suggested that nurit is restricted to post-meiotic germ cells as the transcripts were not detected in premeiotic stages (till about the 20th day post-natal; dpn), and first appeared by 24 dpn (Fig. 3A) . Interestingly, Western analysis revealed a delay of about 3 days between RNA and the protein appearance, and Nurit protein was first evident at 27 dpn (compare Fig. 3A, B) . Such a delay has been previously reported for several testicular proteins including transition proteins and protamines (Braun, 2000) . To identify the cells expressing nurit RNA, in situ RNA hybridization on prepuberal and adult testis sections was performed. The RNA in situ analysis confirmed and extended the results from the Northern blots. The nurit hybridization signal was found in a concentric internal circle, corresponding to elongating and elongated spermatids (Fig. 4) . Immunohistochemisty on testis sections using the antibodies raised against Nurit, revealed a ring of expressing cells which, as expected, was narrower than the RNA in situ signal (Fig. 5A, C) . Confocal microscopy enabled visualization of several spots of Nurit protein per spermatid. Interestingly, higher numbers of smaller dots were found in elongating spermatids (starting from around step 9), whereas in elongated spermatids there was a significantly decreased number of dots, but each of larger size (Fig. 5C ). Protein immunostaining also demonstrated that Nurit is no longer present in spermatozoa following release into the lumen (Fig. 5A) .
No specific signal was detected in epididymal spermatozoa (Fig. 5B) , ovaries, or any of the other embryonic or adult tissues examined (not shown).
Intracellular localization of Nurit
For analysis of Nurit localization within cells, we cloned the cDNA of nurit into the pCMV vectors (Clontech) as a fusion protein with either hemagglutinin or myc tags. Overexpression in NIH3T3 fibroblasts followed by indirect fluorescence demonstrated that Nurit is localized in the cytoplasm, where it forms large aggregates. No distinct phenotype was detected subsequent to such overexpression (not shown). Interestingly, following overexpression in fibroblasts, Nurit was detected almost exclusively in the insoluble fraction of the extracts. Similarly, analysis on testis extracts revealed that Nurit is mainly localized to the pellet fraction, while lower levels were also present in the soluble fraction. To follow the intracellular localization of Nurit in vivo, we examined a single cell suspension of tubular cells spun down onto slides (see Section 4). Nurit antibodies, followed by flourescein isothiocyanate (FITC)-conjugated anti-rabbit antibodies were used for Nurit localization, and the slide was couterstained for nucleic acids (propidium-iodide). Nurit dots were found associated with the cytoplasm of elongating and elongated spermatids, and in residual bodies (Fig. 5E, F) . No signal was detected in nuclei. As observed with the testicular sections, bigger and fewer dots were found in elongated spermatids and in residual bodies, compared to elongating ones (Fig. 5E ).
Nurit protein is localized to the flower-like structure and residual bodies
For high-resolution localization of Nurit, we used immunogold electron microscopy for staining ultra-thin sections of adult mouse testis. Highly specific labeling was localized at the spermatid cytoplasmic organelles designated the 'flower-like structures' (Holstein and Schafer, 1978) . These structures are composed of vesicles surrounding an osmophilic dense center. We found that in elongating spermatids, the protein was concentrated at the center of the flower (Fig.  6A, B) . However, as these organelles are discarded through the residual body and undergo morphological changes (Holstein and Schafer, 1978) , some spreading of the signal was evident in decomposing flower-like structures (Fig. 6C-F) . As the distribution of the protein within the cells resembles the flower buttercup (Ranunculus), we designated this protein, Nurit (buttercup in Hebrew). No signal was found in chromatoid bodies, mitochondria or in other organelles.
Search for known mutants that may correspond to Nurit
Based on the human BAC locus and mammalian homology maps, nurit was mapped to mouse chromosome 14 at approximately 41 cM. No known fertility related mutations have mapped to either the human or murine corresponding loci. Given the testis-specific expression of Nurit and the narrow window of expression in spermatids, we searched the literature for known mutations that might correlate with this unique expression pattern. Based on this pattern of expression, we proposed that nurit mutants might suffer from male-specific sterility, which is not the result of a meiotic or hormonal problem, and that the mutants might exhibit possible spermiation or motility abnormalities. Such a phenotype has been described for a transgenic rat-line, TGR26 (Sharpe et al., 1995) , which exhibits male-specific sterility, accompanied by disrupted sperm release and abnormal cytoplasmic elimination. As the gross testis morphology was normal, and spermatogenesis progression until sperm release seemed normal, the renin transgene insertion was postulated to affect the expression of a late spermatid gene. Paraffin sections of TGR26 and control rat testes were examined for the expression of Nurit protein.
Nurit expression patterns in TGR26 testis displayed indistinguishable patterns of expression as compared to wt controls (Fig. 5G, H) , suggesting that the nurit gene is not mutated in this transgenic line.
Nurit expression in Nek1 mutant (kat
2J ) mice
Nek1 mutant mice (kat and kat 2J ) exhibit several abnormalities, including male-specific sterility (Janaswami et al., 1997) . The basis for the sterility is not clear. It could be due to, at least partially, a quantitative effect as the size of the mutant's testis is much smaller. The infertility could also be due to a possible spermatogenic block. As Nurit interacts with Nek1 in the two-hybrid system, and probably also in vivo (unpublished results), we examined whether Nurit expression is affected by the Nek1 inactivation in kat 2J mutants. RNA in situ and immuohistochemistry analyses on kat 2J testis sections revealed the presence of nurit RNA (Fig. 4) and protein (Fig. 5D ) in most of the tubules. These findings indicate that kat 2J mutants are able to generate elongated spermatids, and that in kat 2J mutants there is no absolute block in germ cell differentiation, at least until the late spermatid phase. However, the general tubular organization was found to be irregular in the mutants. In some of the seminiferous tubules, a reduced number or complete absence of haploid spermatids was evident, sometimes in only part of the perimeter of the tubules (Figs. 4C, D and 5D ). Western analyses demonstrated that Nurit is expressed in kat 2J mutants, and the protein profiles of kat 2J and wt testes seemed undistinguishable. Nurit is phosphorylated even in kat 2J testes, as bacterial alkaline phosphatase treatment of testes extracts abolished specific bands in extracts derived from both the wt and mutant (not shown). Hence, Nurit phosphorylation is not merely dependant on Nek1 activity. The nature of Nurit-Nek1 interaction, and the possible contribution of this interaction to the male-specific sterility of kat 2J mutants, are currently under examination.
Discussion
We report here the cloning of a novel testicular leucinezipper protein, identified using a two-hybrid screen for Nek1 partners. Nurit is evolutionarily conserved among mammals, as homologues are found in human, macaque monkey, pig, mouse, and rat, but not in Drosophila or Caenorhabditis elegans. The protein does not bear significant similarity to any previously reported protein, suggesting that this protein is novel and bears unique properties. The Nurit protein harbors a leucine-zipper motif and two additional predicted strong coiled-coil domains. In many cases leucine zippers are involved in homodimerization or oligomerization (Alber, 1992) . However, in the two-hybrid system, homodimerization of Nurit was independent of this domain, suggesting that the leucine zipper might be involved in Nurit's interactions with other proteins. Interestingly, however, Nurit's interaction with Nek1 is mediated by the C-terminal coiled-coil domain, which is essential for dimerization, and not by its leucine zipper (unpublished data). The homo-and perhaps oligomerization ability of Nurit, may contribute to the observed clustering of the protein, and to the presence of most of the protein in the insoluble fraction. Nurit is glutamate-rich, and these negatively charged residues often appear as pairs, resulting in a strong negatively charged spots. The significance of these glutamic residues is not known.
The expression of Nurit was found to be specific for a narrow time window during spermatid maturation. The protein is restricted to elongating and elongated spermatids, starting from around step 9. From its first detectable appearance, the protein is localized to the spermatid flower-like structure. This structure's name comes from its typical shape in transmission electron microscopy (TEM) sections: a round dense center, surrounded by translucent vesicles. These organelles are assembled in proximity to the spermatid nucleus in early differentiating spermatids (around step 8) and undergo dynamic morphological (and presumably functional) changes, concomitant with their migration towards the distal cytoplasm, where they reside in step 15 spermatids. Finally, they are detected in the residual body, in which they undergo additional changes: their centers loosen, while the vesicle content appears osmiophilic (Holstein and Roosen-Runge, 1981) . As transient and mobile elements, these organelles might perform intracellular trafficking functions, carrying proteins or other molecules, destined to be eliminated from the mature spermatozoon via the residual body. As Nurit is expressed late in spermatogenesis, and is not part of the structural components of the future spermatozoon, its functions are most likely transient, and related to its specific expression pattern. It is premature, at this stage, to speculate about possible functions of Nurit. However, in the light of Nurit's ability to form homodimers (as seen in the two-hybrid system), and its cluster formation, when overexpressed in cultured cells, it is tempting to suggest that it has a role in the formation of the flower-like structure, or in targeting of proteins to these organelles. As Nurit is one of the earliest markers of the spermatid flower-like structure, it may provide an excellent opportunity to shed new light on the functions and properties of this intriguing organelle.
Male infertility or sub-fertility is common in humans, and both genetic and environmental factors may contribute to this condition (Veeramachaneni, 2000; Saito et al., 2000; Olesen et al., 2001) . The etiology of infertility is poorly understood, in part because no in vitro spermatogenesis model exists. Impaired cytoplasmic elimination might contribute to human infertility, and genetic problems related to spermiation and to cytoplasmic elimination have been reported in humans (Benzacken et al., 2001) . Genetic screens would be needed to verify a nurit defect in some cases of human male infertility.
Experimental procedures
Two-hybrid interaction screening
Yeast two-hybrid screen was performed as previously described (Harper et al., 1993; Bai and Elledge, 1996) . The Nek1 ATP binding site was modified using site-directed mutagenesis (QuikChange mutagenesis kit, Stratagene), resulting in a G13R replacement, and presumably, inactivation of the catalytic domain. Following mutation, amino acids 1-506 were cloned into the pAS2 DBD bait vector, which was introduced into the Y190 yeast strain. Y190 yeast expressing the bait were transformed with a rat testis cDNA library constructed in the pAD-Gal4 vector (Stratagene) and plated on selective medium (lacking tryptophan, leucine, and histidine) supplemented with 25 mM 3-aminotriazole. Growing colonies were assayed for lacZ expression. After positive (Trp Isolated prey plasmids were introduced into the Y187 yeast strain and assayed for specificity by mating with Y190 carrying empty pAS2, DBD-Ayk1, or the Nek1 bait. An identical clone harboring a ,1.4 kb insert was isolated eight times, and passed all the specificity assays. The cloned fragment was sequenced, and compared against the GenBank using BLAST. The identified sequence did not match any previously described gene, and was designated nurit. To confirm the interactions and to examine possible homodimerization, all the bait vectors were transformed into the yeast AH109 (MATa) strain (Clontech), and all preys into the Y187 (MATa) strain. Yeast strains were mated, and diploids selected on Trp 2 , Leu 2 medium. Growing colonies were assayed for survival on Trp 2 , Leu 2 , His 2 , Ade 2 plates, and for activation of the Mel1 and LacZ reporter genes.
Northern analysis
RNA extraction and Northern analysis were performed as described (Arama et al., 1998) . The full-length nurit cDNA was used as a probe.
In situ hybridization
Following fixation, tissues were embedded in Tissue-Tek OCT (Sakura) and cryosectioned (8 mm). Hybridization was performed using ( 35 S) uridine triphosphate labeled riboprobes as previously described (Motro et al., 1991) .
Generation of antibodies and Western analysis
For antibody generation, the full prey insert was cloned into the EcoRI-XhoI sites of the pQE30 vector (QIAGEN), and recombinant 6 £ (His)-tagged fusion protein was produced in BL21 bacteria. His-tagged protein was affinity purified under native conditions using a Ni 21 -resin column followed by cobalt column, and was injected intramuscularly into rabbits for immunization. Antibodies were purified from the immune serum using His-Nurit covalently coupled to cyanogen bromide (CNBr)-activated Sepharose 4B (Pharmacia). For Western analysis, total boiled lysates were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), blotted onto nitrocellulose membranes, blocked with 10% skim milk (Difco) and incubated with anti-Nurit antibodies (1:2500) for 2 h at room temperature, or overnight at 4 8C. Following Trisbuffered saline Tween-20 (TBST) washes, the membranes were incubated with horseradish peroxidase (HRP)-conjugated anti-rabbit antibodies (Jackson ImmunoResearch) for 1 h at room temperature, and washed again. Detection was performed using ECL reagents (Santa Cruz Biotechnology).
Nurit immunofluorescence and immunoelectron microscopy
NIH-3T3 mouse fibroblasts were transiently transfected with nurit cDNA cloned into pCMV-HA/Myc vectors (Clontech) using Lipofectamine (Gibco-BRL), as previously described (Kandli et al., 2000) . Nurit expression and localization were examined using either antibodies against the molecular tags: anti-HA (Babco) and anti-Myc (Zymed), or anti-Nurit antibodies. For suspension of testicular tubular cells, testes were extracted from adult C57Bl mice, and following encapsulation, treated with 0.1 mg/ml collagenase (Calbiochem) in cell growth medium (1.5 mM pyruvate, 2 mM l-glutamine, 100 mM non-essential amino acids, 10% fetal calf serum (FCS) in Dulbecco's modification of Eagle's medium (DMEM) for 5 min at 328C. The tissue was washed twice, cells dispersed by pipette, and the cell suspension filtered through a nylon mesh. Cells were spun down onto slides for 5 min at 660 £ g, and fixed with 4% paraformaldehyde (PFA). Blocking and staining were performed as described by Kandli et al. (2000) , using Nurit antibodies at 1:250 dilution.
TEM analysis was performed at the Electron Microscopy Unit at the Weizmann Institute, Rehovot, Israel. Adult C57BL testes were fixed with 3% PFA and 0.5% glutaraldehyde in 0.1 M cacodylate buffer pH 7.4 overnight at 4 8C, washed in buffer, and cut into fragments (1 £ 1 mm 2 ) under a binocular. The samples were infiltrated with LR Gold solution at 220 8C according to Berryman and Rodewald (1990) . Ultra-thin (70-90 nm) sections were cut on Leica Ultracut UCT. The sections were collected on 200-mesh formvar coated nickel grids, and blocked in 1% bovine serum albumin (BSA), 1% normal goat serum (NGS), 0.1 % gelatin and 0.1% Tween-20. Immunolabeling was performed using Nurit antibodies at 1:50 or 1:100 dilution, incubated overnight at 4 8C, followed by 10-nm gold particles coated with goat anti-rabbit IgG secondary antibody incubated 30 min at room temperature in 1:25 dilution. Contrasting sections were scanned and photographed with Technai-12 (Phillips) electron microscope at 120 kV using a CCD Megaview II camera.
Computer analyses
Sequence alignment and comparisons were performed using the Wisconsin University GCG package. Nucleic acid and protein queries were conducted on-line at http:// www.ncbi.nlm.nih.gov/BLAST against public databases. Protein characteristics were predicted using the ExPASy tools (www.expasy.org).
